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The matrix-assisted laser desorption/ionization (MALDI) effect for the ablation of polypeptide
ions was studied as a function of wavelength in the range 360–450 nm, using a tunable
titanium:sapphire laser and the matrices (trans)a-cyano-4-hydroxycinnamic acid, (trans)3,5-
dimethoxy-4-hydroxycinnamic acid, and (trans)b-indoleacrylic acid. The results demonstrated
that the qualitative aspects of the MALDI effect remained largely unchanged as a function of
wavelength until the matrix crystal’s absorption coefficient approached 6 3 104 cm21.
Wavelengths at which the absorption coefficient was lower than this value did not produce
observable polypeptide ions. In the range of wavelengths where polypeptide ions could be
observed, the effect was generated only when the average energy absorbed in the 10-nm layer
immediately below the crystal surface was .8 kJ/cm3 regardless of the total amount of energy
absorbed in the remainder of the crystal. It was demonstrated that on the basis of the other
results in this paper and those in the literature that the mechanism that generates polypeptide
ions cannot be either photochemically induced or the same mechanism that gives rise to matrix
ions. A model for ionization is proposed that decouples matrix and protein ionization in a
simple manner that has direct analogy to the behavior of ionic solutes in polar solvents. The
model satisfies the currently available experimental evidence and unifies the results obtained
by MALDI at all wavelengths. (J Am Soc Mass Spectrom 1998, 9, 885–891) © 1998 American
Society for Mass Spectrometry
Mass spectrometers with ion sources based onthe matrix-assisted laser desorption/ioniza-tion (MALDI) effect have become routine in-
struments for the analysis of synthetic polymers as well
as naturally occurring or semisynthetic biopolymers [1,
2]. Although the effect initially appeared mysterious,
eight years of steady research have removed many of its
most puzzling aspects. Initial speculations about the
type of laser optics required to produce intact protein
ions have been dispelled: any laser configuration will
work, so long as a matrix-specific laser fluence condi-
tion has been met [3]. The velocity distribution of the
ablated biopolymer ions has been measured by a num-
ber of groups [4–8], all reaching the conclusion that the
velocity distribution of all of the ablated ions is similar,
regardless of their molecular mass. Many different ion
source configurations have been demonstrated to be
equivalent for the extraction of the ablated ions, so long
as the source compensates for the ions’ initial velocity
distribution [9].
The process by which biopolymers and matrix mol-
ecules become intimately associated has been investi-
gated in considerable detail [10–15]. The results of these
and other studies has demonstrated that the molecules
used as matrices incorporate the analyte polymers in
matrix crystals as they grow. These polymer-doped
matrix crystals are the active elements in the ion source
and all good sample preparation techniques have the
effect of improving the incorporation of polymers into
these crystals. The laser ablation behavior of these
polymer-doped crystals can now be thought of in terms
of their physico-optical and electro-optical properties
[16].
Following the classification scheme of Johnson [17],
three distinct types of models have been proposed to
explain the MALDI effect using the properties of matrix
crystals. Type “A” models picture the loss of matrix
molecules from a crystal surface by quasithermal evap-
oration caused by molecular motion [18–20]. Such mod-
els all use laser heating calculations to determine the
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temperature profile of the surface during illumination
and from that the molecular yield can be calculated.
Type “B” models consider each layer of molecules in
the crystal lattice to be relatively independent, with
deposited energy being rapidly converted into molecu-
lar motion on a time scale much shorter than any other
type of energy dissipation pathway. In these models, a
lattice layer either has sufficient energy to dissociate
and exit the surface, or it does not. Therefore, a critical
depth below which no ablation occurs is a direct
consequence of these theories. Type “C” models assert
that the energy absorbed by molecules in the crystal
lattice causes them to rapidly expand, resulting in a
dramatic increase in the hydrodynamic pressure at the
surface of the crystal compared to the nonilluminated
molecules around the laser spot and the layers slightly
below the surface. This rapid pressure differential de-
velops a stress field in the crystal and a net momentum
density directed normal to the crystal’s surface. When
the momentum density achieves a value determined by
the mechanical properties of the crystal (the critical
impulse), ablation occurs for all of the material that
meets this criteria [21, 22].
In contrast to the physical mechanism of surface
ablation and polymer molecule ejection, the proton
transfer mechanism that results in polymer ionization
in the MALDI process is still poorly studied or under-
stood. Ultraviolet (266–355 nm) [3, 12, 23, 24] and
infrared [25–30] lasers have been used to produce the
MALDI effect. Both wavelength ranges result in very
similar mass spectra, where the main ionization mech-
anism is either proton transfer to the analyte (positive
ion mode) or proton transfer from the analyte (negative
ion mode).
The near-UV wavelengths (360–450 nm) have not
been used to investigate the MALDI process, mainly
because they are difficult to access using fixed wave-
length or tunable dye lasers. In this wavelength range,
polypeptides are completely transparent and therefore
cannot be directly affected by the excitation laser.
Several of the most popular matrices used for protein
MALDI, such as (trans)a-cyano-4-hydroxycinnamic
acid and (trans)3,5-dimethoxy-4-hydroxycinnamic acid
(sinapinic or sinapic acid), still use this wavelength
regime, but their absorption coefficients drop rapidly
over a relatively short range of wavelengths, producing
an “edge” in their absorption spectra [31].
The work reported in this paper is an investigation of
MALDI of three matrices in the near-UV wavelength
regime, using a tunable, frequency doubled titanium:
sapphire laser as the light source. Measurements were
performed to determine the phenomenology of the
MALDI effect continuously over a wide range of molar
absorption coefficients and to compare these results
with those obtained with a nitrogen laser (337 nm) on
the same sample in the same instrument. It was also
possible to measure trends in the distribution of multi-
ply protonated ions produced by MALDI, whereas the
energy of the incident photons was varied from 3.5 to as
low as 2.8 eV.
Methods
The experiments were carried out with a linear time-of-
flight mass spectrometer with a delayed-extraction
pulsed ion source [32, 33], constructed in the authors’
laboratory. The laser used was a Q-switched (10 ns)
tunable titanium:sapphire laser (SEO TITAN-P,
Schwartz Electro-Optics, Bedford, MA), with a 2nd
harmonic generator. The titanium:sapphire laser itself
was pumped by an internal Q-switched neodymium:
yttrium–aluminum garnet laser. Tuning was controlled
by a computer. The useful tuning range of the 2nd
harmonic beam of the titanium:sapphire laser was from
360 to 450 nm. A prism was used to separate the 2nd
harmonic beam from the fundamental and pumping
beams. The 2nd harmonic was then split into two
beams, one of which was transmitted onto the sample
via an optical fiber with diameter of 0.1 mm. The other
beam was split into two beams, one used to generate a
start signal to trigger the oscilloscope, and the other to
generate a trigger signal for the ion source pulser. This
pulser delivered 0–5 kV pulses with a continuously
adjustable delay between 200 and 2000 ns. The incident
angle of the laser beam was 70°, with respect to the
sample surface normal. The area illuminated by the
laser on the sample was approximately 0.15 mm2, as
measured from the damage profile left on the sample.
Once ions were created by the laser, they experi-
enced a 1 cm pulsed voltage region and were then
accelerated by a static voltage. The pulsed voltage
region and static voltage region were separated by a
nickel mesh. The total length of the field-free drift tube
of the instrument was about 2 m. Ions were detected by
a microchannel plate (Type F1094-01, Hamamatsu,
Bridgewater, NJ) and the signal amplified with a dis-
crete dynode electron multiplier (Type R2362
Hamamatsu). A 500-MHz oscilloscope (Model 9350M,
Lecroy, Chestnut Ridge, NY) was used for data acqui-
sition. Data acquisition and transfer to a PC were
controlled by Acquire, version 6.3 (ProteoMetrics, New
York, NY). The mass spectra were analyzed using m/z,
version 8.0 (ProteoMetrics, New York, NY).
A synthetic peptide (MLLKRMFVA, Mr 5 1108.5
Da, prepared in house) and equine heart cytochrome c
(Mr 5 12,360.4 Da, Sigma Chemical, St. Louis, MO)
were used as representative biopolymer molecules. The
three matrices examined were a-cyano-4-hydroxycin-
namic (a-CHC) acid, 3,5-dimethoxy-4-hydroxycinnamic
(sinapinic or sinapic) acid, and b-indole-acrylic acid (all
obtained from Sigma Chemical). Saturated matrix were
prepared at 20°C in 1:2 water:acetonitrile, 0.1% TFA.
The sample preparation method used was the simple
dried droplet method: 2 mL of peptide solution (0.1 g/L
in 1:2 water:acetonitrile, 0.1% TFA) were mixed with 10
mL of saturated matrix solution and 1–2 mL of that
mixture was spotted on the sample stage.
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Peptide spectra were taken with an ion source pulse
voltage of 1.8 kV, a pulse delay of 600 ns, and a static
acceleration voltage of 15.0 kV. Cytochrome c spectra
were taken with an ion source pulse voltage of 3.6 kV,
a pulse delay of 800 ns, and a static acceleration voltage
of 15.0 kV.
A series of spectra of the peptide and cytochrome c
in different matrices were taken at a range of wave-
lengths (370 to 450 nm at 5 nm intervals), whereas
adjusting the laser fluence to be at the lowest value that
would produce discernible molecule ion signals on
approximately 50% of the laser shots accumulated. The
shot-to-shot variability of the laser output energy was
approximately 10%. A fast pyroelectric detector (Model
P5-01, Mollectron Detector, Portland, OR) and the os-




The most striking observation obtained was the simi-
larity of the mass spectra obtained across the majority of
the wavelength range examined. Spectra obtained from
a sample of polypeptide-doped a-CHC at l 5 337 nm
could not be distinguished from those obtained with l
5 415 nm. Only at the longest wavelengths in the
ranges shown in Figure 1 was it possible to observe any
changes in the mass spectra and then the changes were
in the intensity distributions of multiply protonated
ions of cytochrome c. The small peptide examined
showed no qualitative difference in the spectra, other
than the disappearance of the peptide ion signal indi-
cated in Figure 1. The disappearance of the ion signal
occurred at the same wavelength for both cytochrome c
and peptide, as well as several other proteins and
peptides which were examined but which were not
included in this study for the sake of simplicity. For the
rest of this paper, the longest wavelength for which
polypeptide ions were observed for a particular matrix
will be referred to below as the “L” value for that
matrix.
As mentioned in the Introduction, the UV optical
absorption spectra of a-CHC and sinapinic acid has
been measured in their solid state crystalline form [31].
These experiments demonstrated that there was a
strong absorption peak between 300 and 400 nm for
sinapinic acid crystals and between 300 and 440 nm for
a-CHC crystals. In the wavelength range pertinent to
this study, the absorption coefficient a(l) of a-CHC
drops from a maximum of a(370) 5 3.7 3 105 cm21 to
a(435) 5 0.6 3 105 cm21. In the corresponding wave-
length range for sinapinic acid, the general form of the
absorption coefficient curve was similar, dropping from
a(370) 5 1.2 3 105 cm21 to a(395) 5 0.6 3 105 cm21.
This observation suggests that for crystals with lattice
energies comparable to these cinnamic acid derivatives,
the conditions either
a~l! . 6 3 104 cm21 or a~L! < 6 3 104 cm21 (1)
must be met in order to produce the MALDI effect for
proteins. It should be noted here that only the polypep-
tide ions vanished when l . L. Matrix ions were still
observed at longer wavelengths, but no analyte ions
were observed even at the maximum laser fluence
allowed by the laser.
This behavior was explored further by measuring the
minimum laser fluence capable of producing a discern-
ible analyte signal as a function of wavelength. In the
lab jargon commonly associated with MALDI, these
values represent the “threshold fluence” for protein ion
production as a function of wavelength, wth(l). This
fluence increased monotonically from wth(380) 5 27
mJ/cm2 to wth(435) 5 113 mJ/cm
2 for a-CHC and from
wth(370) 5 86 mJ/cm
2 to wth(395) 5 272 mJ/cm
2 for
sinapinic acid. These values are higher than those in the
literature measured using shorter laser wavelengths, for
example [20, 34].
These results can be thought about in the context of
a generalized MALDI experiment. Assume that a laser
uniformly illuminated an area A of matrix crystal
surface. Light will penetrate the crystal’s volume and
energy from that light will be absorbed in that volume.
As a consequence of that absorption, the MALDI effect
will occur if the actual laser fluence w meets the simple
condition w $ wth(l). A reasonable question to ask is
whether the MALDI effect is triggered by: (1) the total
amount of energy absorbed by the crystal; or (2) the
amount of energy absorbed in a thin layer at the
crystal’s surface. A simple expression can be derived for
the amount of energy absorbed in the crystal volume
Figure 1. The wavelength range for which polypeptide ions were
generated by MALDI for the peptide MLLKRMFVA and cyto-
chrome c, for the three matrices used in this study. The value of L
for a particular matrix was indicated above the bar.
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between the surface and a given depth d per unit area of
surface illuminated by the laser at wth(l),
Eth~d, l!/A 5 wth~l!~1 2 exp@2a~l!d#!. (2)
Figures 2 and 3 plot Eth(d, l)/A for a-CHC and
sinapinic acid, using the values of wth(l) determined in
this work and the values of a(l) determined by All-
wood [31]. The total amount of energy absorbed by the
crystal increases dramatically as l approaches L for
both matrices. The energy absorbed by the thin layer
near the surface does not change, however, and it is the
same for both matrices, Eth(10 nm, l)/A ' 8 mJ/cm
2.
Using a more standard notation, the average energy
absorbed by this volume at wth(l) is approximately 8
kJ/cm3. This result supports ablation models of types
“B” and “C” (see the Introduction and [17]).
Ionization
An observation made while collecting the data reported
above was that the values of wth(l) for the polypeptide
analyte ions and matrix ions were very similar until the
wavelength was in the range L 2 20 , l , L (in nm) for
all of the matrices examined. In this wavelength range,
wtb(l) for the polypeptide became greater than for the
matrix, i.e., polypeptide ions could only be observed
with higher fluences than were necessary to produce
matrix ions. This gap between the value wth(l) for the
matrix and the analyte widened as l approached L.
Adjusting the laser wavelength back and forth between
short and long wavelengths while illuminating the
same spot on the sample confirmed that this result was
not caused by damage to the sample or improperly
doped crystals, but it was a real change in the emission
behavior of the crystals at longer wavelengths.
In order to better understand this phenomenon in
terms of proton transfers, spectra were collected at
wtb(l) for cytochrome c in the wavelength range l # L,
for three matrices that produce different intensity dis-
tributions of singly, doubly, and triply charged cyto-
chrome c ions. The intensity ratios of the each of these
three protonation states relative to the total protein ion
signal, was plotted as a function of wavelength for the
three matrices in Figures 4–6. For l , L 2 20 (in nm),
Figure 2. The amount of laser energy absorbed per unit area
illuminated at wth(l), as a function of depth, using a-CHC as the
matrix and cytochrome c as the analyte (see the discussion of eq 2).
The lines represent, from bottom to top, d 5 10, 20, 30, 50, 100,
and ` nm, respectively.
Figure 3. The amount of laser energy absorbed per unit area
illuminated at wth(l), as a function of depth, using sinapinic acid as
the matrix and cytochrome c as the analyte (see the discussion of
eq 2). The lines represent, from bottom to top, d 5 10, 20, 30, 50,
100, and ` nm, respectively.
Figure 4. The fraction of the total cytochrome c signal in the
singly, doubly, and triply protonated peaks plotted as a function
of wavelength using a-CHC as the matrix.
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these results demonstrate that the relative intensities of
these protonation states do not depend on wavelength,
at least to first order. The most extreme example of this
phenomenon can be found in a recent comparison of
infrared and ultraviolet MALDI [35], where these ratios
were found to be very similar at l 5 355 and 2940 nm.
In the wavelength regime L 2 20 , l , L, however,
these ratios change abruptly for all three matrices.
Taking the well-studied matrix a-CHC as an example,
the fraction of the total signal in caused by (M1H)11
ions increases from 20% to 80% of the total signal,
whereas the (M12H)12 and (M13H)13 relative intensi-
ties decrease, with the (M13H)13 intensity disappear-
ing completely at L. It should be noted also that the
absolute intensities of each of these peaks also decreases
in this wavelength range, vanishing at l . L. All
intensities were carefully background subtracted to
avoid possible systematic errors in calculating the in-
tensity ratios.
Discussion
Before discussing ionization and ablation mechanisms,
it should be one can form very thin layers of analyte/
matrix composites that produce unusual signals when
illuminated with a laser. The nature of these thin
composite layers has not yet been investigated in detail
and this type of experiment is not the subject of the
work reported here. An example of this type of com-
posite is the mass spectrum that results from the first
laser shot on an unwashed crystal surface. This first
spectrum is frequently different from those generated in
all subsequent laser shots. The discovery of the cin-
namic acid-based matrices by one of the authors (RCB)
in 1989 was based on the observation that the first laser
shot on (trans)cinnamic acid crystals coated with pro-
tein resulted in excellent protein mass spectra, whereas
subsequent shots produced no protein signals at all. The
generation of ions from these very thin layers may
closely resemble a true desorption experiment, that is,
the ions result from the ejection of an adsorbed surface
layer of analyte rather than the bulk ablation of a
volume of analyte-doped matrix crystal (MALDI).
Returning to a discussion of the more commonly
observed MALDI effect, there is no experimental evi-
dence in the literature that the ionization mechanism for
matrix molecules is the same as the ionization mecha-
nism for analyte molecules. The two mechanisms may
be related, but there is no evidence for this assumption.
It is clear from the literature that the average number of
protons transferred to a polypeptide depends on four
factors:
1. the chemical structure of the matrix (some matrix
compounds add more protons on average than oth-
ers);
2. the mass of the polypeptide (the higher the mass, the
more protons added);
3. the doping level of the polypeptide in the matrix
crystals (sparsely doped crystals produce ions with
more protons per ion than heavily doped crystals);
and
4. the presence of amino groups (if there are no amino
groups, there is little if any protonation, but the
number of protons transferred is governed by the
other three points, not by the number of excess
amino groups available).
It is also a commonplace observation among MALDI
practitioners that some sample deposits produce in-
tense peptide signals without a corresponding matrix
signal. This simple fact alone argues that matrix ioniza-
tion cannot be directly related to polypeptide protona-
tion as the latter can occur without the former. Despite
this observation, it is a widely held assumption that the
two ionization processes are intimately associated with
one another [11, 36–38]. The assumption is made that a
fixed number of protonated matrix ions are produced in
a laser shot by a variety of photochemical mechanisms,
Figure 5. The fraction of the total cytochrome c signal in the
singly, doubly, and triply protonated peaks plotted as a function
of wavelength using sinapinic acid as the matrix.
Figure 6. The fraction of the total cytochrome c signal in the
singly, doubly, and triply protonated peaks plotted as a function
of wavelength using b-indole acrylic acid as the matrix.
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either involving multiphoton ionization or electroni-
cally excited state gas phase acid–base reactions. Using
this assumption, all observations are accounted for by a
combination of Le Chatelier’s Principle and reactions of
the type
(matrix1H)111(polypeptide1n H)1n3 ~matrix!0
1 @polypeptide 1 ~n 1 1!H#1~n11! (3)
Recently, this view was rejected by Knochenmuss [39],
on the basis of experiments on varying the level of
analyte doping in matrix crystals. A mechanism was
proposed where an electronically excited matrix mole-
cule transfers a proton to either another matrix mole-
cule or to the polypeptide.
The results reported in this study and recent careful
observations of IR MALDI phenomena [35, 40] have
cast very serious doubt on any mechanism that involves
electronic excitation of the matrix. The result that IR and
UV MALDI produce indistinguishable spectra [35],
strongly suggests that whatever process transfers pro-
tons must be thermal rather than electronic. The results
in this paper also make multiphoton ionization mecha-
nisms very unlikely: the 2.8 eV photons that produce
strong ionization of the matrix at L for a-CHC are not
energetic enough to produce multiphoton ionization of
the matrix. It is also difficult to imagine how the same
species of excited state matrix molecule can be formed
by photons ranging in energy from 4.5 (266 nm) to 2.8
eV (430 nm). None of the mechanisms referred to above
can explain the behavior of Figures 4–6 in the region
near L. If the MALDI effect mechanism was failing at
these wavelengths, the presence of matrix ions indicates
that the matrix ionization mechanism is still functioning
and it should result in similar proton transfers, inde-
pendent of the number of analyte molecules being
ejected from the surface. Mechanisms involving pre-
formed ions cannot account for this behavior, because
any such mechanism is necessarily wavelength inde-
pendent. Therefore, matrix ionization must be gener-
ated by a mechanism independent of the mechanism
that transfers protons to polypeptide molecules.
To explain all of these observations a new ionization
mechanism is necessary. Here we propose an ionization
model in which a pressure pulse is formed by the
conversion of the incident laser energy into lattice
motion by whatever conversion mechanism dominates
the illumination laser’s output wavelength. The lattice
loses its order as the stress field set up by the pressure
pulse becomes a strain field. When sufficient order is
lost, the affected volume briefly behaves like a warm
polar fluid, allowing for the stabilization of free ions.
The stabilization forces provided by a polar fluid are
large enough to overcome the ionization energy of
organic acids, producing free, mobile protons and alkali
ions (if present). The free protons can diffuse through
the fluid and be trapped by the amino groups of a
polypeptide molecule that is in contact with the fluid.
The extent of protonation of the analyte is therefore
limited by the proton concentration in the fluid, the
diffusion rate of the protons into the trapping regions of
the analyte and the length of time that the fluid sur-
vives. A fluid state that is sufficiently dense to stabilize
free ions will last only briefly as the fluid expands away
from the surface to form an ablation plume of isolated
molecules. In that brief time, no true charge equilibrium
is established between the analyte and the fluid. The
number of protons on the analyte molecule must there-
fore also depend on the results of a competition be-
tween the loss of protons from acidic sites on the
molecule and trapping of protons on amino groups and
reneutralization of acidic sites. Matrices that are stron-
ger acids than the analyte will on average result in a
positive charge on the protein, but some fraction of the
protein molecules will statistically become negatively
charged because of the net loss of one or more protons.
As the fluid expands, recombination of any free protons
with negatively charged matrix ions will be favored
energetically, as the reaction is driven by long range
ion–ion interactions. Some fraction of the protons may
attach to neutral matrix molecules by ion–dipole inter-
actions, but that fraction should be small, particularly if
there is sufficient peptide present to trap the majority of
the protons that are initially generated. Ionization of
matrix molecules may proceed in the gas phase via any
of the mechanisms proposed [11, 36–39]. It is proposed
here, however, that proton transfer from those ionized
matrix molecules to the analyte will be minor when
compared to that generated by the fluid-mediated
mechanism.
This polar fluid ionization mechanism also provides
a framework for understanding the behavior of matri-
ces that do not contain particularly acidic protons, such
as water [40, 41] or trihydroxyacetophenone [42]. These
materials are sufficiently polar to stabilize the formation
of ions by the solution phase exchange of protons. In the
case of water, such ionization is an elementary fact of
solution electrochemistry in all aqueous solutions. The
mechanism proposed here explains the MALDI behav-
ior of these matrices without invoking an “accidental”
similarity in the spectra obtained from these matrices as
compared to their more acidic counterparts [40]. It also
does not requiring postulating a different mechanism
for ionization in MALDI using these matrices.
This new mechanism for protein ionization does not
preclude other modes of matrix ion emission. The
emission of matrix neutral molecules and ions (for l '
L) at lower fluence than the emission of protein ions
strongly argues in favor of a type A model (quasither-
mal evaporation of matrix), which produces a yield of
matrix molecules and ions from the crystals. Only
under conditions when a(l) is high enough to trap
energy in a small volume is it possible to produce a
pressure pulse and even then the pressure pulse is a
transient event. In a polycrystalline sample, it is likely
that for fluences near wtb(l), only a fraction of the
crystals, with faces aligned normal to the laser axis, will
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achieve pressure pulse mediated protein ion emission.
The other crystal faces will only participate by the
production of quasithermal matrix molecules and ions.
Conclusions
The qualitative aspects of the MALDI effect as a func-
tion of wavelength remained unchanged until the ma-
trix crystal’s absorption coefficient approached 6 3 104
cm21. Wavelengths for which the absorption coefficient
was lower than this value did not produce observable
polypeptide ions. In the range of wavelengths where
polypeptide ions could be observed, the MALDI effect
was generated only when the energy absorbed in the
10-nm layer immediately below the crystal surface was
greater than 8 kJ/cm3, regardless of the total amount of
energy absorbed in the remainder of the crystal. The
results obtained in the study strongly suggest that the
mechanism that generates matrix ions is different from
the mechanism that transfers protons to a polypeptide
analyte. The model for ionization proposed decouples
matrix and protein ionization in a simple manner that
has direct analogy to the behavior of ionic solutes in
polar solvents. This model satisfies the currently avail-
able experimental evidence and unifies the results ob-
tained by MALDI at all wavelengths.
Although this mechanism may have some flaws, it
completely decouples the ionization mechanism from
the generation of matrix ions. It can also be used to
explain most of the features of MALDI ion formation,
including the fact that ion formation only depends on
the absorption coefficient of the matrix crystal and not
on the energy of the photons used to stimulate ion
emission.
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